Partially compatible binary mixtures of linear flexible polymers are considered in the presence of a wall which preferentially adsorbs one component. Using a Flory-Huggins type mean field approach, it is shown that in typical cases at two-phase coexistence the wall is always « wet », i.e. coated with a macroscopically thick layer of the preferred phase, and the transition to the non wet state occurs at volume fractions of the order of 1/~N (where N is the chain length) at the coexistence curve. Both first and second order wetting transitions are found, and the variation of the surface layer thickness, surface excess energy and related quantities through the transition is studied. We discuss both the validity of the long wavelength approximation involved in our treatment, and possible fluctuation effects for « critical wetting », comparing our results to Monte Carlo simulations of wetting in Ising models. The relation of our results to previous work and possible experimental consequences are also briefly mentioned.
J. Physique 46 (1985) 1631 [46, 47] for the study of interfacial properties [equation (1) (5) .
As usual we disregard any inhomogeneities in directions parallel to the surface, and find the equilibrium solution from minimizing the total free energy { A is the total surface area } where The bulk solution 0 . =-4Y(z -+ oo) is found from equations (6), (7) (10) can be re-written as Next we define a local « surface layer susceptibility &#x3E;&#x3E; Xl, I as [50] and similarly Keeping ø 00 and Ap fixed in equation (15) [50] , since x is controlled by the temperature. Using equation (12) for fi and equation (5) [45] where the correlation length of concentration fluctuations at the coexistence curve is given by [37] (12)) is of order N-112 -As a result, we conclude from equation (25a) where the function f2(0.) is finite for tP 00 -+ 0 and using equations (12), (13) (5)) is negative. Since this quantity typically will be of order unity, we can satisfy equation (25) only for ø 00 oc N -1/2, and hence f2( ø (0) a/.JT8 then, and hence we find the tricritical wetting point for The generalization of this result to the asymmetric case (aA :0 QB, N A =1= NB) in the limit NA -+ oo simply is (45(2) its the concentration at the A-rich branch of the coexistence curve)
From the general topology of the wetting phasediagrams [4] Since (Ø oo)trierit is so small (Eqs. (27) , (28) (4), would apply). This conclusion is opposite to the work of Nakanishi and Pincus [23] ; in our opinion, this discrepancy is due to the fact that their parameter g (which should not be confused with our g) is of order N for polymer blends, and not of order unity as assumed Then tricritical wetting does not occur very close to Oc,,it, as they imply, but rather close to 0. = 0.
For critical and tricritical wetting the condition that 4P
= oex (= 1 -ø 00 for symmetric mixtures) also implies that the profile at z = 0 is flat, the interface from 0(2) at the surface to 0('). = 0. is infinitely far apart, and hence dO/dz = 0 at the surface.
From equation (11) (28), i.e. there is an intermediate regime where (Ø oo)tricrit oc N-1 before one crosses over to the asymptotic behaviour (Øoo)tricrit oc N-l/2 for N -+ 00. ' From equation (31) we see that the wetting transition can occur anywhere along the coexistence curve of the polymer mixture, if -1 III -1/2 : if illIg&#x3E; -1/2, the surface stays always non-wet, if illIg -1 g it stays always wet (for N -oo). However, if ø:it is very small { or if we study the first-order wetting transition possible for ø 00 (Ø oo)tricrit }, the long wavelength theory is inaccurate, because the interfacial profile then becomes very steep in its centre, and an alternative approach is required [46, 47, 49] . Defining a length L from the maximum slope of the profile [45] one would find from equation (9) , putting which tends to L = (al3) X-1/2 for tP 00 --+ 0 [45] .
This result implies that in the centre of the profile equation (3) is not fulfilled, and hence it is no surprise that the prefactor al3 of the last relation is not corroborated by the exact treatment, [46, 47, 49] , although the variation with X -1/2 is predicted correctly.
For a treatment of the limit tP 00 --+ 0 we apply the approach of Helfand and co-workers [46, 47] [49] shows that the same equations result also for a problem with a local free surface perturbation; in the limit N ..... oo the free surface acts as a boundary condition for equation (34) only [51] . Following Helfand [46, 47] we note that equation (34) [46] . Since equations (20) , (37) imply that for 01 -+ 1 we have D ,zt d, equation (38) again shows the logarithmic divergence of the thickness of the wet layer when a second-order wetting transition is approached As a result, we have found that the qualitative features of the description of wetting at ø 00 = 0 in the framework of the long wave length approximation and in the framework of the theory of Helfand et al. [46, 47, 49] are the same, although prefactors (such as the length L in Eqs. (37) , (38) and in Eq. (33)) differ.
Numerical results.
In the framework of the long-wavelength approximation, the problem of obtaining the concentration profile is reduced to a simple quadrature (Eq. (19)).
In the regime where the wetting transition is first order, one must obtain F. from equation (10) We have done this for a number of typical cases which are described below. We have chosen units such that a -1 for simplicity. Figure 1 shows typical profiles resulting from equation (19) . The dependence on chain length can be completely absorbed in the normalization of the abscissa, and the only relevant parameter is ø 00 (for AM = 0). As mentioned above, (P, only acts as a cut-off on the profile and was arbitrarily chosen 01 = 0.8 in figure 1 A (Fig. 18 ). For 0, &#x3E; 1 -ø 00 the surface would be wet for AM = 0 but is coated with a layer of finite thickness only if Au :0 0. One can see from figure 1 B how the wetting layer develops when Ap -0. Figure 2 shows As emphasized above, for values of (g) of order unity (Ø oo)tricrit is rather small, particularly for longer chain lenghts. Figure 4 shows then the complete phase diagram of the surface in the (ul, ø oo)-plane. For (Fig. 6) which is a precursor of the critical divergence of Xll found for Øoo = (Øoo)tricrit. For ø 00 (Ø oo)tricrit the wetting transition is weakly first order, and we obtain then jump singularities in 01 and Us as well (XII then has a delta-function singularity superimposed on its jump). It is seen (Fig. 7 ) Arrows show the location of the wetting transition which still is second order but close to the tricritical point ((Ooo)tricrit ":Zt; 0.067).
that the first-order wetting transition occurs at a value ø1-before 451 reaches the value 1 -Øoo at which critical wetting (Figs. 5, 6) would occur, and then 01 jumps to a value ø 1+ larger than 1 -4D.. If N -oo, however, the fact that (Ø oo)tricrit oc N -1/2 also means that the jump ø t -ø -vanishes proportional to N -112 -already for N = 300 under otherwise comparable conditions this jump would be hardly visible on the scale of figure 7 , as corresponding calculations show [51] .
The behaviour is very different for g &#x3E; 0 where critical wetting does not occur and one rather observes always a transition of strongly first order (Fig. 8) . Figure 9 shows the phase diagram for a number of typical cases. We note that there exists in this case a particular concentration ø: (marked by crosses in Fig. 9 ). For 45 . 0*, we have ø1 &#x3E; 0. in the non wet state and there the profile decreases monotonically, while for 0. 0* we have ø1 0. and the profile increases monotonically.
Finally we turn to pre-wetting transitions, which occur for negative Ap (i.e., in the one-phase region) if the wetting transition for AM = 0 is of first order.
The line of these (first-order) pre-wetting transitions ends in a pre-wetting critical point, which again is located analytically from requesting xi,i = 0, using equation " (15) for AM 0. The resulting expressions are straightforward to obtain but lengthy [51] and hence will not be reproduced here. Figure 10 shows, as a typical example, the critical value g, as a function of Ap where the pre-wetting critical point occurs, for typical values of cP 00 (which fixes the considered temperature) and chain length. 4 [10] [11] [12] 15] . The relevant fluctuations for this problem are capillary wave excitations of the interface separating the surface layer (whose concentration is 1 -P 00' at least approximately) from the bulk (which has concentration 0.). Taking account of these fluctuations invalidates the concentration profiles as shown in figure 1 , of course. In addition, the exponent vim is predicted to be enhanced over its mean field value; taking into account the scaling relation between v j ~ and the exponent Y 11 describing the singularity oil /n (if there is one) [13] (40) can no longer be used and one crosses over to a regime where the « local » interfacial thickness is no longer given by C;coex but rather by [45] [46] [47] 49] L oc ax-112 (cf. Eq. (34) ). Also the interfacial energy a then is a oc X1/2 a-2. We speculate that equation (40) for w should now be replaced by [20] . The surface internal energy is measured in units of J, and xl in this figure is defined as xi i = Om,IOH,, m, being the « magnetization » of the first layer (note 0, = (1 -mi)/2). and hence a strong divergence of ç 1, is predicted [11, 15] . The associated singularity of xi l in the Ising model is obviously hard to observe in the simulation, [52] ; but then it is likely that it also would be very hard to observe in a real experiment.
We conclude this section by a discussion of effects due to long range surface fields : as mentioned after equation (5), on the basis of van der Waal's forces one would predict that fs(b)(p, z) oc z-3 for z -+ oo, and then the treatment presented in section 2 also is not quantitatively correct. But it has been shown for mixtures of small molecules and related systems [ 17, 18] that also in this case one may have both firstorder and critical wetting, and hence the possible phase diagrams are qualitatively similar. In this case the marginal dimension for critical wetting is below d=3 [13] 
